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1.  INTRODUCTION 


Methods  of  acquiring  experimental  data  including  pressures,  pulse  fonning  network  currents, 
and  voltages  with  a  minimum  of  electrical  noise  that  are  critical  to  electrothermal-chonical  (ETC)  ballistic 
and  combustion  experiments  are  described.  Measurements  are  performed  in  a  30-mm  ETC  gun  facility 
that  is  driven  by  a  130-kJ  (maximum)  pulsed-power  supply  and  a  SO-cm^  closed  chamber  facility  uang 
a  300-kJ  power  supply,  both  of  which  are  located  at  the  Army  Research  Laboratory  (ARL),  Aberdeen 
Proving  Ground,  MD.  Strict  attention  is  devoted  to  grounding  of  measurernem  and  data-recording  devices, 
as  well  as  in  shielding  of  measurement  electronics,  data  lines,  and  high-power  modulator  compcments  with 
"Faraday"  oudosures. 

Tests  are  performed  that  compare  fiber-optic  measurements  with  directly  measured  signals.  A  design 
of  a  third-order,  low-pass  Alter  is  given,  and  its  attenuation  effect  on  high-frequency  noise  is  demonstrated 
both  analytically  and  experimentally.  The  use  of  ferrite  rings  on  data  lines  and  60-Hz  power  lines  is 
frequent  and  Aber  optical  links  are  used  for  electrical  isolation  between  data  recording  equipmem  and 
high-voltage  components.  The  experimental  arrangements  and  resulting  data  are  presented  and  a 
discussion  of  the  data  and  cmiclusions  are  included. 

2.  BACKGROUND 

The  recording  of  experimental  measurements  in  an  ETC  environment  is  complicated  by  the  presence 
of  a  large,  noise-producing  source,  namely,  the  PFN.  The  block  diagram  (Figure  1)  can  be  used  to 
compare  fundamental  differences  in  measurements  made  in  an  ETC  environment  to  those  made  in  a 
conventional  ballistic  diagnostic  facility.  The  most  signiAcant  difference  between  the  two  arrangements 
shown  in  Figure  1  is  that  of  a  high-energy  PFN  in  an  ETC  gun  facility.  While  the  PFN  is  an  essential 
source  of  electrical  energy  needed  to  initiate  the  combustion  process  of  an  ETC  combustion  event,  it  is 
also,  unfortunately,  the  source  of  large  amounts  of  electromagnetic  radiation  that  can  interfere  with  small 
signal  experimental  measurements.  In  fact,  it  has  been  reported  in  some  ETC  experiments  the  plasma 
generator  itself  causes  electrical  disturbances  due  to  the  violent  electrical  ignition  of  the  fuse  wire 
contained  within  the  plasma  capillary  tube  (Oberie  1993).  As  a  result  of  these  problems,  much  time  has 
been  devoted  to  the  arrangement  of  the  data  acquisitiem  systems  of  the  ARL’s  ETC  facilities,  which  are 
responsible  for  the  measurement  of  experimental  quantities.  The  following  will  provide  a  description  of 
some  of  the  measurement  techniques  that  are  used  to  help  obtain  reliable,  noise-free  experimental  data. 
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CONVENTIONAL 


Comparison  of  ETC  to  conventional  data  acquisition  sv«stems 


3.  PROCEDURE 


The  experimental  arrangement  employed  in  the  30-mm  ETC  facility,  shown  in  Figure  2,  ctmsists  of 
various  data  acquisition  equipment,  a  grounding  system,  the  electrical  power  supi^y  (including  the  high' 
voltage  DC  charging  supply  and  the  PFN),  an  ETC  diagnostic  fixture,  and  a  system  of  amidifiers  and 
optoelectronics,  which  are  used  to  transmit  pressure  measuremeru  data.  Nicolet  digital  oscilloscopes  ate 
used  for  the  recording  of  experimental  pressure,  voltage,  and  currem  measurements,  with  the  feature  of 
digital  data  storage  on  S.2S-in  floppy  disks.  As  indicated  in  Figure  2,  two  separate  locations  are  used  for 
grounding  of  the  oscilloscopes,  and,  to  date,  the  resulting  messuranents  in  each  case  have  provided  very 
reliable  experimental  data  in  terms  of  immunity  to  electromagnetic  interference  (EMI)  as  in  the 
experimental  data  taken  by  White  et  al.  (1991).  In  systems  such  as  this  one,  in  which  circuit  impedances 
are  measured  in  milliohms,  a  major  noise-producing  mechanism  accompanying  electromagnetic 
disturbances  is  the  induction  of  current  flow  in  measurement  cable  shields  (Burden  and  Shear  1969). 
Because  this  requires  a  loop  surrounding  a  changing  magnetic  held,  a  single  point  ground  is  a  first 
requirement  The  major  system  ground  Gabeled  #2  in  Figure  2) — actually  the  massive,  heavily  reinforced 
concrete  gun  mount  which  extended  down  6  feet  into  moist  ground — ^was  accordingly  defined.  Thus,  the 
oscilloscopes  which  attach  directly  to  the  discharge  circuit  are  grounded  only  at  this  ground;  isolating 
plugs  are  employed  to  prevent  completion  of  the  loop  through  the  power  line  ground.  (Such  loops,  in 
which  the  conductive  ground  forms  part  of  the  path,  are  called  "ground  loops.")  The  charge  amplifiers 
and  fiber  optic  transmitters  are,  perforce,  grounded  to  the  ETC  chamber  through  the  shields  of  the  cables 
from  the  pressure  gages  mounted  in  its  walls.  While  this  is  not  precisely  at  the  system  ground,  the 
chamber’s  outer  walls  have  large  conducting  area  and  conduct  no  massive  discharge  currents  and  are  thus 
electrically  close  to  ground.  The  charges  produced  by  these  gages  are  measured  in  microcoulombs  and 
the  voltages  derived  are  measured  in  millivolts;  consequently,  only  very  small  noise  voltages  are 
permissiUe.  To  achieve  these  small  values,  two  measures  are  taken.  First,  battery  operation  of  the  charge 
amplifiers  and  optical  fiber  transmitters  is  used,  the  batteries  being  provided  by  an  uninterruptible  power 
supply  (UPS)  unplugged  from  the  AC  line  at  shot  time.  Second,  because  the  capacitance  between  any 
device  arKl  ground  can  complete  a  ground  loop,  double  shielding — essentially  Faraday  shielding — ^is  used 
around  the  signal  cables  and  the  electronic  units. 

Two  other  grounds  are  used.  The  first  Gabeled  #1  in  Figure  2)  is  undesirable  but  necessary  for  safety. 
It  is  the  service  ground  to  the  high-voltage  power  supply  as  required  by  the  National  Electrical  Code. 
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Because  of  its  comparatively  high  inductance,  it  probably  carries  relatively  little  current  from  the 
discharge;  also,  the  loop  includes  no  signal  circuitry  so  its  effect  is  relatively  unimpmtanL  The  second 
(labeled  #3  in  Figure  2)  is  the  grouiul  for  the  pressure  measurement  oscilloscopes.  Since  the  ouqnit 
voltage  levels  from  the  optical  fiber  receivers  are  rdatively  high  and  the  only  loop  of  significance  (the 
short  link  between  optical  fiber  receiver  and  the  oscilloscope)  lies  entirely  in  the  recording  ro(»n,  a  single 
earth  ground,  separate  from  the  system  ground  and  isolated  from  the  AC  service  ground,  was  used  here. 

Kistler  607C  piezoelectric  pressure  transducers  were  used  for  sensing  chamber  and  gun  tube  pressures; 
experience  at  ARL  confirmed  the  observation  of  personnel  from  GT  Devices  that  those  transducers 
containing  internal  signal  conditioning  electrmics  (voltage  mode)  are  more  susceptible  to  electrical  noise 
than  are  straight  (diarge  mode)  piezoelectric  transducers.  Ou^mt  from  the  transducers  was  convened  by 
Kistler  Model  S004  charge  amplifiers  to  a  voltage  signal  that  can  be  recorded  with  digital  oscilloscopes. 
Powell  and  Zielinski  (1992)  at  the  ARL  successfully  measured  pressure  between  the  anode  and  cathode 
of  an  ablating  capillary  discharge  tube  using  essentially  the  same  technique  except  that  coupling  to  the 
oscilloscope  was  direct  rather  than  optical. 

3.1  Fiber-Optic  Link  Experiments.  Frequency-modulated  optical  links  (Dymec  model  numbers 
6723/6722)  are  used  to  provide  electrical  isolation  and  are  incorporated  into  each  pressure  measurement 
channel.  The  optical  links  have  an  analog  bandwidth  of  DC  to  1  MHz,  which  is  more  than  adequate  for 
the  signals  that  are  measured  in  this  application  (~S0  kHz),  and  rely  on  frequency  modulation  of  a  9-MHz 
carrier  signal  for  data  transmission.  Because  of  the  frequency  modulation  technique,  the  links  are 
inherently  less  sensitive  to  attenuation  and  losses  due  to  optical  connectors  or  other  perturbations  in  the 
optical  fiber.  Operational  issues  that  are  relevant  to  this  particular  application  of  these  optical  fiber  links 
have  been  addressed  by  Fortier  et  al.  (1992)  at  tiie  ARL.  As  UKlicated  in  Figure  2,  the  optical  transmitters 
and  the  charge  amplifiers  are  located  in  the  interior  of  a  "Faraday,”  or  shielding  box,  which  is  used  to 
protect  the  equipment  from  electric  fields.  Eadi  individual  piece  of  equipment  inside  the  Faraday  box  is 
[diysically  separated  with  nonconductive  material  from  the  other  equiixnent  and  the  structure  of  the  box 
itself.  Also,  each  piece  of  equi{Hnent  had  its  electrical  power  ( 1 10  V,  60  Hz)  supfdied  by  a  single  7S0-VA 
UPS.  The  thought  behind  the  three  elements  of  EMI  shielding,  single  point  grounding  and  the  use  of  a 
UPS,  as  previously  discussed,  is  to  prohibit  the  generation  of  EMI  noise  and  to  prevent  ground  loops  or 
paths  which  aid  in  the  flow  of  noise  current  throu^  grounded  wires  of  data  signal  paths  (Burden  and 
Shear  1969). 
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The  susceptibility  of  the  fiber-optic  link  to  electrical  noise  has  been  experimentally  tested  at  the  ARL 
in  the  130-kJ/30-inm  ETC  I^agnostics  Laboratory.  The  purpose  of  the  following  test  was  to  determine 
what  grounding  and  power-source  configurations  for  an  optically  coupled  data  acquisition  are  most 
successful  in  terms  of  acquiring  noise-hee  electrical  data.  This  is  done  by  making  comparisons  of  direct 
meaairements  with  optically  coupled  measurements,  the  latter  of  which  are  sensitive  to  grounding  and 
power  supply  noise  due  to  the  added  complexities  of  their  receiver  and  transmitter  electronics.  Since, 
under  normal  operating  circumstances,  it  is  requited  to  make  these  measurements  in  the  harsh  EMI 
environment  of  a  discharging  power  su|^y,  this  experiment  consisted  of  making  measurements  during 
the  discharge  of  the  130-kJ  PFN  into  a  fixed  3S-milliohm  resistive  load.  The  PFN  was  discharged  three 
times  widt  a  different  data  acquisition  arrangement  each  time  (i.e.,  different  primary  power  and  EMI 
shielding  arrangement).  During  the  discharges,  measurements  were  made  of  the  time  rate  of  change  of 
the  load  current  (di/dt)  via  a  Rogowski  coil.  A  current  waveform  is  obtained  by  performing  a  numerical 
integration  on  the  resulting  di/dt  waveform.  The  accuracy  of  the  current  waveform  is  dependem  upon  the 
di/dt  waveform;  therefore,  it  is  essential  to  make  extremely  accurate  di/dt  measurements.  The  ouq>ut  from 
the  Rogowski  coil  was  coupled,  in  parallel,  to  separate  digital  oscilloscopes  for  each  of  the  three 
discharges.  One  measurement  is  made  directly  with  a  Nicolet  model  4094  digital  oscilloscope  while 
another  is  t^caUy  coupled  via  a  frequency  modulated,  Dymec  fiber-  optical  system  as  previously 
described.  A  100-m  length  of  fiber-optic  caUe  was  used  to  connect  the  optical  transmitter  with  the 
receiver.  With  the  experimental  setup  as  just  described,  a  comparison  between  the  direct  measurements 
and  optically  coupled  measurements  was  made.  To  rule  out  inconsistencies  in  noise  levels  in  the 
laboratory  during  the  test,  the  initial  stored  energy  level  of  each  discharge  is  kept  constant  at  10  kJ. 

The  setup  of  equipment  in  the  first  discharge  is  shown  in  Figure  3.  The  optical  transmitter  is  placed 
physically  close  to  the  PFN  (approximately  0.5  m  away  from  ouqrut  connection),  and  it  is  powered  by  a 
1 10-V  AC  receptacle  outlet.  The  receiver  is  also  powered  by  an  outlet;  however,  the  grounding  prong  on 
the  receiver  unit  is  intentionaUy  disconnected  with  the  use  of  an  adsqrter  plug.  The  receiver  ouqxit  is 
terminated  at  the  input  of  the  second  4094  Nicolet  oscilloscope,  which  also  has  an  adapter  plug 
disconnecting  the  grounding  wire.  The  resulting  measurement  of  di/dt  (Figure  4a)  as  recorded  directly 
with  an  oscilloscope,  was  hee  from  noise;  consequently,  the  integrated  waveform  produced  a  noise-free 
load  current  trace.  On  the  other  hand,  the  measurement  obtained  with  the  fiber-optic  link  (Figure  4b)  was 
very  badly  distorted,  arxl  it  does  not  least  resemble  the  true  waveform. 
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Uogowski  Coil^  PFN  Room 
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Oscillttscope 


Fbr  the  second  disduu^ge.  the  fiber-<^c  transmitter  was  powered  by  a  UPS.  The  UPS  was 
disconnected  iiran  die  utility  power  system:  therefore,  it  is  supfdying  the  transmitter  from  a  converted  DC 
battery  supply,  v^ch  is  oom{ddely  electrically  isolated  horn  the  utility  netwoik.  The  location  of  die  UPS 
is  in  die  iitterior  of  an  ungrounded,  metal  Faraday  enclosure  that  was  located  2  m  away  horn  the  nearest 
cuirent-carrying  compmient  (prepulse  bank  ignition)  of  the  I¥N.  The  UPS  is  electrically  isolated  from 
all  parts  of  the  metal  enclosure  and  a  household  grade  extension  cord,  nmniiig  parallel  to  the  PFN,  is  used 
to  omnea  the  UPS  to  the  optical  transmitter.  This  arrangement  of  the  transmitter  and  UPS  is  such  that 
an  equipment  on  the  measurement,  or  transmitting  side,  is  ungrounded  or  left  “floating"  from  die  PFN  «id 
utility  grounds.  The  AC  cord  of  the  UPS  is  external  to  the  Faraday  enclosure,  and  the  fiber-opdc  receivo- 
and  osdllosa^  are  set  up  idendcaUy  as  in  the  firrt  discharge.  In  this  case,  the  resulting  measuranents 
(Figure  S)  ftran  both  arrangements  are  ftee  of  noise,  and,  in  faa,  diey  are  nearly  identical  when  cmnpared 
directly. 

For  the  third  and  final  primary  power  arrangement,  the  experiment  was  unchanged  with  the  excqition 
of  the  removal  of  the  UPS  from  the  endmure  to  a  locatimi  just  0.5  m  from  the  PFN  load/ouiput 
coiHiectian.  The  results  from  this  configuration  were  very  similar  to  the  data  obtained  in  the  second 
configurati(Hi  thus  indicating  diat  the  power  source  isolation  proved  by  a  UPS  or  similar  unit  is  highly 
useful  in  minimizing  electrical  noise  in  data  systems.  As  is  illustrated  by  our  efforts  with  the  very 
sensitive  charge  amfdifiers,  the  degree  to  which  such  means  alone  are  useful  wUl  depend  upon  the  circuit 
arrangements,  the  relative  noise  and  signal  levels,  and  the  sensitivity  of  die  equipment  involved.  Figure 
6  shows  a  plot  of  the  optical  measurement  values  subtracted  frmn  the  direct  measuremem  values. 
Dividing  this  result  by  the  value  of  the  direa  measurement  and  multiplying  by  100  yields  the  percent  eritH' 
between  the  two  iqiproaches,  as  illustrated  in  Hgure  7.  More  will  be  said  about  the  error  in  the  optical 
measurement  in  the  discussion  section  of  this  rqxnt 

3.2  Filter  Design  Experiment.  A  transient  troise  proUem  associated  with  the  UPS  was  observed 
during  similar  tests.  Amplitude  peaks  or  "spikes"  in  line  voltage  were  introduced  into  die  pressure 
chaiuiels  (see  Figure  8)  by  the  switdiing  circuitry  of  the  UPS.  Hgure  8  shows  the  response  of  a  pressure 
transducer  mounted  in  the  chamber  of  an  unpiessurized  ETC  fixture.  The  arrangement  for  this  pressure 
channel  is  as  shown  in  Figure  2.  The  UPS  was  in  the  battery  powered  mode,  and  it  is  supplying  inverted 
AC  power  to  the  charge  amplifier  and  the  optical  transmitter.  It  was  noticed  that  with  only  the  UPS 
operating,  transient  voltage  waveforms  with  peak  amplitudes  of  about  100  mV  are  introduced  into  the 
pressure  channel.  Because  the  transient  noise  repeats  with  a  16.7-ms  period  it  is  almost  certainly  a  result 
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Figure  5.  Load  di/dt  wavefom  for  second  discharge,  (a)  direct  and  (b)  optically  coupled. 
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Figure  6.  Optically  courted  wavefonn  subtracted  from  direct  coupled  wavefoim. 
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Figure  7.  Percent  difference  of  optically  coupled  and  direq  coupled  wavefoims. 
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Figure  8.  Pressure  diaimel  response  wife  transient  noise  interference. 


of  the  conversion  process  in  the  60-Heiz  UPS  power  source.  Further,  because  the  UPS  inverter  completes 
a  positive  and  a  negative  excursion  in  each  cycle,  poative  as  well  as  negative  transients  should  occur 
during  the  16  ms;  this  too  is  evident  in  the  wavefoim  of  Hguie  8,  except  that  a  positive  SOO-mV  spike 
expected  at  16  ms  (hi  the  plot  is  missing.  This  was  lost  by  the  oscilloscope  because  its  digital  sampling 
rate  was  not  high  enough  to  ct^ie  all  the  transient  portions  of  the  wavefoim  in  this  particular  time 
window. 

One  solution  to  this  problem  was  in  the  design  and  implementation  of  a  third-order,  low-pass  filter 
with  a  cutoff  frequency  of  7.5  kHz.  A  low-pass  filter  of  this  type  will  allow  60  Hz  to  pass  unattenuated, 
but  it  will  filter  the  power  supply  of  noise  above  the  7.5  kHz  cut  off  (note  the  40  kHz  transiem  noise  is 
well  above  the  15  kHz  cut  off).  The  diagram  of  the  filter  is  given  in  Figure  9.  The  Laplace  transform 
technique  is  used  to  obtain  the  transfer  function  of  the  output  voltage  with  respect  to  the  input  voltage 
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Figure  9.  Thiid-onler  low-pass  cireuit  diagram. 

of  the  filler  (V2(5)/Vi(S)).  This  is  accomplidied  by  replacing  all  inductance  terms  (L)  with  ttieir 
corresponding  Laplace  transform  (LS)  (Hostetter  1984).  The  same  is  done  for  the  capacitances,  voltages, 
and  currents  in  the  circuit  Now  the  transfer  fiincdon  can  be  solved  for  by  simple  algelnaic  techniques, 
as  shown.  Using  KiikofTs  Voltage  Law  on  the  two  circuit  loops  yields  the  following  two  equations: 

Vj  (S)  -  /i  (S)  LS  ♦  (1/CS)  (/,  (5)  -  /  2  (5));  (1) 

V2 (S)  -  -  (1/C5) (/2 (S)  -  /i  (5))  -  1 2  (S)LS.  (2) 


In  addition. 


V2(S)  • /2(5)/?.  (3) 

Solving  for  /j  (S)  in  Equation  1  and  substituting  into  Equation  2  gives 

V2  (5)  =  -  (1/CS)  (/j  (S)  -  (V,  (S)  +  1 2  (S)/CS)I{LS  +  1/CS))  -  /j  (S)  LS.  (4) 

Substituting  /2(S)/f  for  V2(S)  into  Equation  4  and  rearranging  yields 

/2 (^A'l  (5)  -  1/(L2 CS^  +  RLCS^  *2LS  *R).  (5) 
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Finally,  multiplying  both  sides  of  Equation  5  by  R  yields 


VjCSyVjCS)  -  RKp-CS'^  ♦  RLS"^  *  2LS  *  R). 


(6) 


Equation  6  is  the  third-order  transfer  function  of  the  filter  that  is  shown  in  Figure  9. 

The  values  of  L  =  220  pH  and  C  =  2.0  pf  were  chosen  to  give  a  cutoff  frequency  at  about  15  kHz. 
based  on  a  lo«l  R  =  480  ohms  (the  total  impedance  of  the  fiber-optic  transmitters).  These  values  give  a 
cutoff  which  is  well  below  the  frequency  of  the  transiott  noise.  The  resulting  gain  vs.  fieqirency  |dot 
(Bode  plot)  for  this  transfer  function  is  shown  in  Fgure  10.  By  introducing  this  to  output  of  the  UPS, 
the  noise  was  completely  eliminated  from  the  60-Hz  UPS  power  sui^ly  and  from  the  pressure  channel 
trace.  Based  on  the  results  of  this  particular  test,  it  is  suggested  to  correa  for  this  problem  if  any 
electronics  equipment  in  the  data  acquisition  system  is  powered  by  a  similar  UPS. 

3.3  Common  Mode  Rejector.  A  technique  using  rings  of  ferromagnetic  material  to  attenuate  the 
amplitude  of  noise  currents  that  flow  in  the  shield  or  grounded  conductors  of  any  electrical  equipment  in 
the  data  acquisition  system  is  used.  The  technique  employs  a  device  known  as  a  "conunon  mode  rejector” 
and  it  is  used  to  attenuate  or  reject  signals  traveling  in  the  ground  or  common  conductors  of  a  circuit 
(Askeland  1985).  This  technique  has  been  successfully  applied  to  other  experimental  work  including  the 
pressure  measuranents  made  in  the  Electromagnetic  Railgun  Laboratory  of  the  ARL  (Powell  and  Zielinski 
1992).  The  ferromagnetic  rings,  or  "ferrites,"  contam  iron  oxides,  and  they  generally  have  a  hi^  relative 
permeability.  This  characteristic  of  high  permeability  enables  the  ferrite  to  introduce  an  amplification 
effect  of  the  magnetic  field  (or  inductance)  generated  by  current-carrying  conductors  surrounding  the 
material.  Common  ferrites  include  NiFe204,  MnF^04,  and  (Zn,Mn)Fe204  (Askeland  1985). 

Ferrites  are  implemented  by  wrapping  the  power  cords  and  coaxial  data  lines  of  all  electronics 
equipment  tightly  for  several  turns  around  the  ferrite  material.  Figure  1 1  shows  the  circuit  diagrams  of 
the  resulting  arrangement,  with  the  addition  of  a  ferrite.  The  circuit  includes  a  voltage  source,  the  series 
resistance  of  the  data  lines  (Rs),  the  inductances  due  to  the  windings  around  the  ferrite,  and  the  load 
voltage  measuimnent.  By  examining  the  circuit  closely,  it  can  be  seen  that  for  the  current  flowing  from 
the  voltage  source,  the  associated  magnetic  fields  in  tlK  ferrite  will  be  equal  in  magnitude  and  oppoate 
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Figure  11.  Equivalent  circuits  for  common  mode  reiector. 


in  direction  and  will,  therefore,  cancel  each  other.  As  a  result  to  the  current  that  flows  in  this  data  signal 
loop,  the  effect  of  the  ferrite  is  negligiUe.  However,  any  current  traveling  unidiiectionally  with  respea 
to  the  ferrite  (typical  of  noise  current  from  a  ground  loop,  see  Figure  12)  will  generate  net  magnetic  field 
(inductance)  through  the  ferrite.  Consider  the  equivalent  circuit  shown  in  Figure  12.  may  be 
generated  by  the  inductive  loop  made  up  of  the  ground  path  and  the  leads  connecting  to 

V- . . Depending  on  the  source  and  measurement  impedances,  a  signal  will  be  developed 

across  one  of  the  Rs  resistances  that  may  t»t  be  canceled  by  the  signal  developed  across  the  other  Rs. 
This  then  will  show  up  in  Vfnmfifrrmnr  However,  with  the  presence  of  the  inductive  impedance 
(reactance)  given  by  the  ferrite  core,  this  will  be  in  series  with  Rs  and  is  shown  in  the  equivalent  circuit 
in  Rgure  12.  The  addition  of  the  inductance  goierated  in  this  path  wiU,  like  the  addition  of  impedance 
to  any  circuit  path,  have  a  tendency  to  decrease  the  current  amplitude  and  hence  the  developed 
across  Rs  (see  Figure  11).  Althou^  this  is  a  desirable  situation  if  a  ground  loop  is  introduced  into  the 
measurement  system,  its  effectiveness  is  limited  by  the  frequency  of  the  noise  current  This  is  because 
the  impedance  introduced  by  the  ferrite  is  proportional  to  the  product  of  frequency  and  inductance,  given 
by 


XL  »  jwL  »  2*K*f’*L.  (7) 

In  Equation  7, /is  the  frequency  of  the  sqiplied  signal  in  Hz,  L  is  the  inductance  in  hervys  (H),  and 
n  is  a  constant  given  as  3.14159.  As  an  example,  the  impedance  offered  by  a  typical  inductance  at 
1(X)  kHz  can  be  as  much  as  1,256  ohms,  which  will  have  a  pronounced  effect  on  currmt  traveling  in  a 
ground  loop  having  an  impedance  of  fractions  of  an  ohm  (typically,  Rs  =  0.1  ohm).  However,  the  same 
inductance  will  produce  only  12.56  ohms  of  impedance  for  the  same  current  at  1  kHz.  Evoi  so,  the 
attenuation  effect  of  a  common  mode  rejecter  on  lower  frequency  signals  can  be  seen  experimentally. 
Figure  13  shows  the  result  of  noise  coupled  into  a  pressure  charmel  (in  the  absence  of  pressure)  during 
a  PFN  discharge  iruo  the  35-milliohm  resistive  load.  The  difference  between  the  two  arrangements  is  that 
in  13b  the  pressure  charmel  circuit  contains  a  20-tutn  ferrite  whereas  the  circuit  of  13a  has  no  ferrite.  It 
is  seen  Iran  Figure  13  that  the  frequency  of  the  unwanted  noise  pickup  is  on  the  order  of  1-2  kHz, 
possibly  due  to  the  magnetic  field  pick  up  from  the  discharging  PFN  which  is  on  the  order  of  0.5  to  1  ms. 
As  described  above,  this  frequency  pickup  can  be  effectively  reduced  by  the  ferrite  common  mode  rejector. 
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Figure  12.  Equivalent  circuits  for  rejector  used  in  a  circuit  havim 
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a)  WithcHit  rejector 


b)  With  20-tuin  rejector 

Figure  13.  Response  of  pressure  channel,  (al  without  rejector  fbl  with  addition  of  rejector. 
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4.  DISCUSSION 


The  percent  ennor  calculation  shown  in  Figure  7  reveals  very  large  errors  in  areas  where  the  functions 
are  near  to  zero  and  reasonable  error  (<  S%)  elsewhere.  The  large  error  observed  in  areas  of  small  signal 
magnitude  is  due  to  the  signal-to-noise  (S/N)  ratio  of  the  optical  links.  In  sui^rt  of  this  claim.  Figure 
14  shows  the  optical  and  direa  measurements  from  the  third  discharge,  discussed  earlier,  with  an  expanded 
vertical  scale.  The  figure  illustrates  the  large  differerux  and.  consequently,  large  percent  error  between 
the  two  functions  in  regions  of  relatively  low  signal  levels.  The  large  difference  between  the  two  sigtuds 
is  due  to  background  noise  introduced  by  the  optically  coui^ed  signal.  In  Figure  14.  for  examine,  the  data 
point  on  the  direa  signal  (solid  line)  at  950  ps  is  about  -O.OS  V.  ctxnpaied  to  -0.02  for  the  optical  signal 
(dotted  line)  giving  a  percentage  difference  of  60%.  Again,  this  large  difference  is  caused  from  noise 
introduced  into  the  fiber-optic  measurement  due  to  the  very  low  S/N  in  this  region.  In  fact,  the 
manufacturer  of  the  fiber-optic  links  clearly  state  the  minimum  S/N  as  40  db.  For  the  data  points  950  ps. 
the  calculated  S/N  ratio  is  3.98  db  or  about  one  tenth  tiie  minimum  value  required  by  the  manufacturer. 

On  the  other  hand,  for  larger  signals  (see  Figure  14).  the  S/N  ratio  is  larger  and  thus  the  agreement 
between  die  two  functions  is  much  improved.  It  is  important  to  mention  that  the  peak  current  values 
obtained  from  the  numerical  integration  of  the  signals  have  very  good  agreement.  In  fact,  the  comparison 
of  peak  current  values  obtained  from  the  two  signals  (direct  and  opticaUy  coupled)  reveals  a  relatively 
small  percent  difference  of  2.7%.  In  addition,  the  percent  difference  of  the  calculated  energy  obtained 
from  the  integral  of  the  current  squared  multiplied  by  the  load  resistance  for  each  signal  is  only  3.2%. 
again  quite  good. 

Reasoning  as  to  why  good  agreement  is  obtained  for  overall  energy  and  peak  current  measurements 
can  be  deduced  from  current  and  energy  profiles  in  addition  to  Figures  7  and  14.  The  energy  and  current 
traces  for  this  PFN  discharge  indicate  that  most  of  the  current  and  energy  are  delivered  to  the  load  up  to 
apivoximately  500  ps  in  time;  this  is  the  region  of  very  good  agreement  between  the  two  signals  as  seen 
in  either  of  the  two  figures  as  stated.  As  a  result,  one  would  expect  a  small  percent  difference  between 
the  two  values  since  there  are  relatively  small  discrepancies  between  the  di/dt  signals  obtained. 

Some  of  the  error  between  the  two  peak  currcnts  and  calculated  energy  may  be  introduced  from  the 
numerical  integration  program,  although  this  is.  in  most  cases,  probably  quite  small  as  long  as  the 
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Figure  14.  Common  mode  rejector  with  circiut  hav.iig  a  ground  loop. 

digitization  period  of  these  signals  is  small  oonpared  to  the  integration  window.  In  summary,  as  long  as 
the  measured  signals  meet  the  requited  S/N  ratio  plus  any  obvious  q)ecii!cati(His  of  the  fiber-optic  links, 
the  resulting  measurements  can  be  expected  to  be  within  about  3%  of  die  accuracy  of  signals  obtained 
through  direct  or  passive  techniques. 

5.  CONCLUSIONS 

A  data  acquisition  system  that  has  allowed  for  reliable,  noise-free  experimental  measurements  in  tite 
ETC  diagnostic  environment  at  the  ARL  has  be«i  designed  and  experimoitally  tested  to  provide  reliatde 
measurements.  This  includes  a  system  of  shielded  pressure  channels,  optoelectronic  equipment,  a  UPS, 
digital  oscilloscopes,  and  a  multi-point  grounding  system.  Tests  have  been  performed  to  determine  a 
sound  arrangement  for  grounding  and  for  supplying  power  to  a  particular  type  of  optodectronic  aid 
amplifier  equipment. 

It  has  been  determined  that  the  optical  equipment  provided  data  to  within  3%  accuracy  of  directly 
acquired  data  of  current  and  energy  delivered  to  a  resistive  load.  Also,  a  filter  design  has  been  offered 
for  the  elimination  of  voltage  "spikes"  that  are  introduced  by  the  switdiing  elements  of  a  UPS.  Finally, 
a  technique  involving  common  mode  rejectors  (ferrites)  used  to  attenuate  ground  loop  currents  has  been 
described  and  experimental  data  showing  its  effectiveness  were  put  forward. 
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ATTN:  SMCAR-QAH-T,  Mr.  John  Domen 
Building  62  North 
Picatinny  Arsenal,  NJ  07806-3000 

1  Commander 

U.S.  Army  Armament  Research,  Development, 
and  Engineering  Center 
ATTN:  SMCAR-AEE-BR, 

Mr.  Ken  Klingaman 
Building  1301 

Picatinny  Arsenal.  NJ  07806-3000 
1  Commander 

U.S.  Army  Armament  Research,  Development, 
and  En^neering  Center 
ATTN:  SMCAR-ASI,  Dr.  Jerry  Rubin 
Picatinny  Arsenal,  NJ  07806-3000 

1  Director 

U.S.  Army  BMD 
Advanced  Technology  Cents 
P.  O.  Box  1300 
Huntsville.  AL  33807 

1  Chairman 

DOD  Explosives  Safety  Board 
Room  836-C 
Hoffman  Bldg.  1 
2461  Eisenhower  Ave. 

Alexandria.  VA  22331-0600 

1  Department  of  the  Army 

Office  of  the  lYoduct  Manager 
133mm  Howitzer.  M109A6,  Paladin 
ATTN:  SFAE-AR-HIP-IP.  Mr.  R.  De  Kleinc 
Picatinny  Arsenal,  NJ  07806-3000 

1  Commander,  USACECOM 
R&D  Technical  Library 
ATTN:  ASQNC-ELC-IS-L-R,  Mys  Center 
Fbrt  Monmouth.  NJ  07703-3301 


No.  of 

Copies  Organization 

1  reO-Armamoits 
Projea  Manags 
Tank  Main  Armameiu  Systems 
ATTN:  AMCPM-TMA,  K.  RusseU 
Picatinny  Arsenal.  NJ  07806-3000 

1  PEO-Armaments 
Projea  Manags 
Tank  Main  Armament  Systems 
ATTN:  AMCH^-TMA-103 
Picatinny  Arsenal,  NJ  07806-3000 

1  PEO-Armaments 
Projea  Manager 
Tank  Main  Armonent  Systems 
ATTN:  AMCPM-TMA-120 
Picatinny  Arsenal,  NJ  07806-3000 

1  Commander 

Production  Base  Modemizatioo  Agency 
U.S.  Army  Armament  Research, 
Develo^ent,  and  Engineering  Center 
ATTN:  AMSMC-PBM-E,  L.  Laibson 
Picatinny  Arsenal,  NJ  07806-3000 

3  Director 

Bena  L^xvatoties 

U.S.  Army  Watervlia  Arsenal 

ATTN:  SARWV-RD, 

G.  Carafano 
R.  Thierry 
R.  Hasoenbein 
P.  Votis 
P.  Alto 

Watervliet.  NY  12189 

3  Commander 

U.S.  Army  AMCCOM 
ATTN:  AMSMC-IRC,  G.  Cowan 
SMCAR-ESM(R). 

W.  Fortune 
R.  Zastrow 

Rock  Island.  IL  61299-7300 

1  Commandant 

U.S.  Army  Aviation  School 
ATTN:  Aviation  Agency 
Fbrt  Rucker,  AL  36360 
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No.  of 

CoBiss  Qmntatign 


No.  of 

Cssasi  QraniaBon 


1  Difeclor 

HQ.  TUAC  RPD 

ATIN:  ATCD-MA.  MAJ  Willitfns 
Fbrt  Monroe.  VA  236S1-S143 

1  Headquarters 

U.S.  Army  Materiel  Coounand 
ATIN:  AMQCP-AD.  Michael  F.  Fisette 
SOOl  Eisenhower  Ave. 

Alexandria.  VA  22333-0001 

1  Commander 

U.S.  Army  Armament  Research, 
Develo^ent.  and  Engineering  Center 
ATTN:  SMCAR-CCD.  D.  Spring 
Picatinny  Arsenal.  NJ  07806-S000 

1  Commander 

U.S.  Army  Armament  Research, 
Develo^ent,  and  Engineering  Center 
ATTN:  SMCAR-CCS 
Picatinny  Arsenal.  NJ  07806-5000 

1  Commander 

U.S.  Army  Armament  Research, 
Devek^ent.  and  Engineering  Center 
ATTN:  SMCAR-CCH-T,  L.  Rosendorf 
Picatinny  Arsenal.  NJ  07806-5000 

1  Commander 

U.S.  Army  Armament  Research. 

Devekqiment,  and  Engineering  Center 
ATIN:  SMCAR-CCH-V,  E.  Fdinell 
Picatinny  Arsenal.  NJ  07806-5000 

1  Commander 

U.S.  Army  Armament  Research, 
Development,  and  Engineering  Center 
ATTN:  SMCAR-AE.  J.  Picard 
Picatinny  Arsenal,  NJ  07806-5000 

1  Commander 

U.S.  Army  Armament  Research, 
Development,  and  Engineering  Center 
ATTN:  SMCAR-AEE,  J.  Lannon 
Picatinny  Arsenal,  NJ  07806-5000 


5  Commander 

U.S.  Army  Armament  Research, 
Development,  vid  P-ngiiMwing  Center 
ATIN:  SMCAR-AEE-B. 

A.BeardeU 
D.  Downs 

S.  Einstein 

A.  Bracuti 
D.  Chiu 

Picatinny  Arsenal.  NJ  07806-5000 

1  Commander 

U.S.  Army  Armament  Research. 

Development,  and  Engineerirtg  Center 
ATIN:  SMCAR-AES.  S.  Kaidovritz 
Picatinny  Arsenal.  NJ  07806-5000 

1  Commander 

U.S.  Army  Armament  Research. 

Development,  and  Engineering  Center 
ATTN:  SMCAR-FSA-T,  Jit  SaldNiry 
Picatinny  Arsenal.  NJ  07806-5000 

6  Commander 

UJS.  Army  Armament  Research, 
Development,  and  Ei^ineering  Center 
ATTN:  SMCAR-FSE. 

T.  Cora 

B.  Knuteldcy 
K.C.PM 
W.  Davis 

C.  Durham 
A.  Graf 

Picatinny  Arsenal,  NJ  07806-5000 

6  Commander 

U.S.  Army  Armament  Research. 

Develo^ait,  and  Engineering  Ceiuer 
ATIN:  SMCAR-EG. 

G.  Ferdinand 
R  Naber-Libby 
R.  Limdberg 
J.  Niles 
R.  Moreira 
W.  Morelli 

Picatinny  Arsenal,  NJ  07806-5000 
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No.  of 

Cssi^  Oraanization 

3  U.S.  Atmy  Research  Labocatory 

Electronics  and  Power  Sources  Diiecioraie 
Pulse  Power  Center 
ATTN:  AMSRL-EP-MC, 

Or.  D.  Singh 
Dr.  T.  Poldesak 
Kfr.  R.  Pastore 

Bldg  2707 

Fort  Monmouth,  NJ  07703-3000 

2  Coiijnander 

U.S.  Army  Research  Office 
ATTN:  Technical  Library 
D.  Mann 
P.O.  Box  12211 

Research  Triangle  Padc.  NC  27709-2211 

1  CommaiKkr 

U.S.  Army  Belvoir  R&D  Center 
ATTN:  STRBE-WC, 

Technical  Library  (Vault) 

Bldg.  315 

Fbrt  Belvoir.  VA  22060-3606 

1  Cortunander 

U.S.  Army  TRAC  -  Fort  Lee 
Defense  Logistics  Studies 
F«tLee.VA  23801-6140 

1  President 

U.S.  Army  Artillery  Board 
Fort  Sill,  OK  73503 

1  Commandant 

U.S.  Army  Comnumd  and  General  Staff  College 
F(»t  Leavenworth,  KS  66027-3200 

1  Commandant 

U.S.  Army  Special  Warfare  School 
ATTN:  Rev  and  Tng  Lit  Div 
Fort  Bragg,  NC  28307 

1  Commander 

Radfmd  Army  Ammunition  Plant 
ATTN:  SM^A-QA/HI  Library 
Radf(»d,VA  24141 

1  Commandant 

U.S.  Army  Field  Artillery  School 
ATTN:  STSF-TSM-CN 
Fort  Sill.  OK  73503-5600 


No.  of 

Copies  Organization 

4  Deputy  Commander 

Strategic  Defense  Command 
ATTN:  SFAE-SD-HVL. 

S.  Smith 
LTCKee 
D.  Limms 

T.  Aden 
P.O.  Box  1500 
Huntsville.  AL  35887-8801 

3  Commander 

U.S.  Atmy  Foreign  Science  and  Technok^ 
Center 

ATTN:  AMXST-MC-3. 

S.  LeBeau 
C.  Beiter 
220  Seventh  Sl,  NE 
Charlottesville,  VA  22901 

1  Commandant 

U.S.  Army  Field  Artillery  Center  and  Schotd 
ATTN:  ATSF-CO-MW.  B.  Willis 
FortSai.OK  73503 

1  Naval  Sea  System  Conunand 
Dq;nrtment  of  the  Navy 
ATTN:  CSEA.  CDR  Dampier 
06KR12 

Washington.  DC  20362-5101 

1  Office  of  Naval  Research 
ATTN:  Code  473,  R.  S.  Miller 
800  N.  Quincy  Sl 
Ariington.VA  22217 

2  Cortunander 

Naval  Sea  Systems  Command 
ATTN:  SEA62R 
SEA  64 

Washington.  DC  20362-5101 

1  Commander 

Naval  Air  Systems  Command 
ATTN:  AIR-9S4-Tedmical  Library 
Washington,  DC  20360 

1  Naval  Research  Labtuatory 
Technical  Library 
Washington,  DC  20375 
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No.  of 

Copies  Oroniation 


No.  of 

Copies  Organization 


2  Commander 

Naval  Surface  Warfare  Center 
ATTN:  J.  P.  Consaga 
C.  Gotzmer 

Silver  Spring,  MD  2O9O2-S000 

2  CommatKkr 

Naval  Surface  Warfare  Center 
ATTN:  K.  Kim/Code  R-13 

R.  Bemecker/Code  R-13 
Silver  Spring,  MD  2O9O2-S000 

3  Commander 

Naval  Surface  Warfare  Center 
Indian  Head  Division 
ATTN:  610,  C.  Smith 
611QI,  K.  Rice 
61  IOC,  S.  Peters 
Indian  Head,  MD  20640-S03S 

6  Commanoer 

Dahlgren  Division 

Naval  Surface  Warfare  Center 

ATTN:  CodeG33, 

T.  Dtnan 
J.  Copley 

Code  G30,  Guns  and  Munitions  Division 
Code  G301,  D.  Wilson 
Code  C32,  Guns  Systems  Division 
Code  E23,  Technical  lilHary 
Dahlgren,  VA  22448-5000 

1  Commander 

Naval  Surface  Weiqxm  Center 
Indian  Head  Division 
ATTN:  Code  270P1,  Mr.  Ed  Chan 
101  Straus  Avenue 
Indian  Head,  MD  20640 

1  Commander 

Naval  Surface  Wetymn  Center 
Indian  Head  Division 
ATTN:  Code  3120,  Mr.  Robert  Rast 
101  Straus  Avenue 
Indian  Head,  MD  20640 


1  Commander 

Naval  Surface  Werqxm  Center 

Indian  Head  Division 

ATTN:  Code  210P1,  Mr.  Ron  Simmons 

101  Straus  Avenue 

Indian  Head,  MD  20640 

2  Commander 

Naval  SurfKe  Weapon  Center 
Indian  Head  Division 
ATTN:  Code  6210, 

Sharon  Boyles 
Norberto  Almeyda 
101  Straus  Avenue 
Indian  Head,  MD  20640 

1  Naval  Air  Warfne  Ceiuer 

ATTN:  Code  3891,  Mr.  Chan  Price 
China  Lake,  CA  93SSS 

1  CommaiKler 

Naval  Air  Warfare  Center 

ATTN:  Code  3891,  Ms.  Alice  Atwood 

China  Lake,  CA  93SSS 

1  Commander 

Naval  Weapons  Center 
ATTN:  Code  388,  C.  F.  Price 
Info  Science  Div 
China  Lake.  CA  93555-6001 

1  OLAC  PL/TSTL 
ATTN:  D.  Shiplett 
Edwards  AFB,  CA  93523-5000 

10  Central  Intelligence  Agency 

Office  of  Central  Reference  Dissemination 
Branch 

Room  GE-47  HQS 
Washington,  DC  20502 

1  Cennal  Intelligence  Agency 
ATTN:  Joseph  E.  Backofen 
HQRoom5F22 
Washington,  DC  20505 
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No.  of 

Copies  Qroniatioff 

S  Diiector 

Sandia  National  Laboratories 
ATTN:  T.  Hitchcock 

R.  Woodfin 
D.  Benson 

S.  Kempka 

R.  Beasley 

Advanced  Projects  Div  14 
Orgtmization  9123 
Albuquerque,  NM  87185 

2  Diiector 

Los  Alamos  National  Laboratory 
ATTN:  B.  Kaswhia 
H.  Davis 

Los  Alamos,  NM  87S4S 

1  Direcux' 

Lawrence  Livermore  National  Laboratray 
ATTN:  M.  S.  L-355,  A.  Buckingham 
P.O.  Box  808 
Livermore,  CA  94550 

2  Director 

Sandia  National  Laboratories 
Combustion  Research  Facility 
ATTN:  R.  Armstrong 

S.  Vosen 
Division  8357 

Livermore,  CA  94551-0469 

1  University  of  DUnois 

Dept,  of  MechyindusL  Engr. 

AITN:  Professor  Herman  Krier,  144  MEB 
1206  N.  Green  Sl 
Urbana,  IL  61801 

1  The  Johns  Hojridns  University/CPIA 

ATTN:  T.  Christian 
10630  Little  Patuxent  Parkway,  Suite  202 
Columbia,  MD  21044-3200 

1  State  University  of  New  York 

Department  of  Electrical  Engineering 
ATTN:  Dr.  W.  J.  Sargeant 
Bonner  Hall  -  Room  312 
Buffalo,  NY  14260 


No.  of 

Organization 

1  The  Johns  Hqrkins  Urtiversity 

^qrlied  Physics  Laboratrxy 
Chemical  Propulsion  Information  Agency 
Jdm  Hopkins  Road 
Laurel,  MD  20707 

1  Pennsylvania  State  University 

PrtqHilsion  Engineering  Resouch  Center 
Mechanical  Engineering  Department 
ATTN:  Dr.  Kenneth  K.  Kuo 
140  Research  Building  "E” 

University  Park,  PA  16802 

1  Texas  Technical  University 
Department  of  EE/Computn  Scioice 
AllN:  Dr.  M.  Kristiansen 
Lubbock,  TX  79409-4439 

2  University  of  Delaware 
Department  of  Electrical  Ettgineering 
ATTN:  Dr.  R.  Hunqierger 

Dr.C.  Ih 

Newark,  DE  19716 

1  University  of  Texas  at  Arlington 
Department  of  Electrical  Engineering 
ATIN:  Dr.  Loyd  B.  Gordon 

Box  19016 

Arlington,  TX  76019-0016 

3  Wilkes  University 

Department  of  Electrical  Engineering 
ATTN:  Dr.  Ar.  Armand, 

Chairman  EE  Department 
Dr.  Y.  Choe 
Dr.  T.  Srinivasan 
Wilkes-Barre,  PA  18766 

2  Pennsylvania  State  University 
Dept  of  Mechanical  Engr. 

ATTN:  Jeff  Brown 

312  Mechanical  Engineering  Bldg. 
University  Park,  PA  16802 

1  North  Carolina  State  University 

ATTN:  John  G.  Gilligan 
Box  7909 

1110  Burlington  Engineering  Labs 
Raleigh,  NC  27695-7909 
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No.  of 
Copies 

2 

1 

1 

5 


2 


1 

3 


Qraanization 

Institute  f(v  Advanced  Studies 
ATTN:  Dr.  H.  Fair 
Dr.  T.  Kiehne 
4030-2  West  Baker  Lane 
Austin,  TX  787S9-S329 

SRI  International 
Propulsion  Sciences  Division 
ATTN:  Technical  Litxaiy 
333  Ravenswood  Ave. 

Menlo  Paric.CA  9402S 

SPARTA 

ATTN:  Dr.  Michael  Holland 
94SS  Towne  Center  Dr. 

San  Diego.  CA  92121-1964 

FMC  C(»poration 
ATTN:  Mr.  G.  Johnson 
Mr.  M.  Seale 
Dr.  A.  Giovanetti 
Mr.  J.  Dyvik 
Dr.  D.  Cook 
4800  East  River  Rd. 

Minneapolis,  MN  SS421-1498 

Hercules  Inc. 

Radford  Army  Ammunition  Plant 
Manager  Manufacturing  Engineering 
Department 
ATIN:  D.A.WorreU 
Edward  Sanford 
P.O.  Box  1 
Radford,  VA  24141 

Hercules  Inc. 

ATTN:  Dr.  Richard  Cartwright 
100  Howard  Blvd. 

KenviLNJ  07847 

GT  Devices 

ATTN:  Dr.  S.  Goldstein 
Dr.  R.  J,  Greig 
Dr.  N.  Winsor 

S70SA  General  Washington  Dr. 
Alexandria,  VA  22312 


No.  of 

CsciSS  Qrganixation 

3  General  Dynamics  i-«nrf  Systems 
ATTN:  Dr.  B.  VanDeusen 

Mr.  F.  Lunsford 
Dr.  M.  Weidner 
P.O.  Box  2074 
Warren.  MI  48090-2074 

2  Alliant  Techsystems,  Inc. 

ATTN:  R.  E.  Tompkins 
J.  Knmedy 
7225  Northland  Drive 
Broddyn  Park.  MN  55428 

4  Olin  Ordnance 

ATTN:  V.  McDonald.  Library 
Hugh  McEboy 
Mr.  Thomas  Bourgeois 
Mr.  Dermis  Worthington 
P.O.  Box  222 
Sl  Marks.  FL  32355 

1  Paul  Gough  Associates.  Inc. 
ATTN:  P.  S.  Gough 
1048  South  Sl 

Pwtsmouth,  NH  03801-5423 

1  Physics  International  Libtay 
ATTN:  H.  Wayne  Wamjder 
P.O.  Box  5010 

San  Leandro,  CA  94577-0599 

2  Rockwell  International 
Rocketdyne  Division 
ATTN:  BA08. 

J.  E.  Flanagan 
J.  Gray 
6633  Canoga  Ave. 

Canoga  Park,  CA  91304 

2  Princeton  Combustion  Research 
Laboratories,  Inc. 

ATTN:  M.  Summerfield 
N.  Messina 

Ptincetcm  CcHporate  Plaza 
11  Deeipaik  Drive 
Bldg.  IV,  Suite  119 
Monmouth  Junction.  NJ  08852 
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£QCiSS  Organization 

2  Science  ^ipUcations,  Inc. 
ATTN:  J.  Batteh 

L.  Thornhill 
1S19  Johnson  Riry  Rd. 
Suite  300 

Marietta,  GA  30062-6438 


No.  of 

Organization 

1  General  Electric  Co. 

Defense  Systems  Division 
ATTN:  Dr.  J.  Mandzy 
Mail  Drop  43-220 
100  Plastics  Ave. 
Pittsfield,  MA  01201 


1  Eli  Freedman  &  Associates 

ATTN:  E.  Freedman 
2411  Diana  Rd. 

Baltimore.  MD  21209 

1  Rocketdyne 

ATTN:  Mr.  Ouo  Heiney 
Mail  Stop  BA26 
6633  Canoga  Avenue 
Canoga  Park,  CA  91304 

1  Thi(4col  (Longhorn  Division) 

ATTN:  Dr.  David  Dillehay 
MaU  Stop  703-11 
P.O.  Box  1149 
Marshall.  TX  75671 


2  SAIC 

ATTN:  Mr.  N.  Sinha 
Dr.  S.  Dash 

SOI  Office  Center  Drive 

FOrt  Washington,  PA  19034-3211 

1  Science  ^jplication  International  Corporation 

ATTN:  Dr.  George  Chryssamellis 
8400  Normandele  Blvd. 

Suite  939 

Minneapolis.  MN  SS437 

1  Hercules,  Inc. 

ATTN:  Dr.  Richard  Cartwright 
100  Howard  Blvd. 

Kenvil,  New  Jersey  07847 


1  Thiokol  (Elkton  Division) 
ATTN:  Dr.  Rodney  Wilier 
55  Thiokol  Road 
Elkton.  MD  21922 


Sandia  National  Laboratories 
ATTN:  Mr.  Mark  GnibeUch.  DTV  2515 
P.O.  Box  5800 
Albuquerque,  NM  87185 


1  Veritay  Technology,  Inc. 

ATTN:  Mr.  E.  Fisher 
4845  Millersport  Highway 
East  Amherst,  NY  14051-0305 

1  Veritay  Technology,  Inc. 

4845  ^llersport  Hwy. 

P.O.  Box  305 

East  Amherst,  NY  14051-0305 

1  Battelle 
TWSTIAC 
505  King  Ave. 

Columbus.  OH  43201-2693 

2  Califivnia  Institute  of  Technology 
Jet  Propulsion  Laboratory 
ATTN:  L,  D.  Strand,  MS  125-224 

D.  Elliot 

4800  Oak  Grove  Dr. 

Pasadena,  CA  91109 


1  IMI  Services  USA 
ATIN:  Mr.  G.  Rashba 
2  Wisconsin  Circle 
Suite  420 

Chevy  Chase.  MD  20815 

1  Science  Applications  Intemational  Ctxporation 
ATTN:  Lh.  Keith  Jamison 
1247-B  North  Eglin  Paricway 
Shalitnar,  FL  32579 

1  Engineering  Resources  Cmp  of  America 
ATTN:  Mr.R.  A.HiU 
P.O.  Box  161 
Linthicum,  MD  21090 
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Csolss  Qmniaiwn 


No.  of 

COBiSS  Qnnmization 


Ahgdwn  Proving  Ground 

12  Cdr,  USACSTA 

ATTN:  S.  Walton 

G.  Rice 
D.  Lacey 

C.  Herod 
STECS-DA-ID. 

Mr.  Wallace 
Dr.  Fiands 
STECS-AA-AE. 

Mr.  Maitin 
CPT  Browning 

ATTN:  STECS-AA-AE,  T.  Khong  (4  cp) 

45  Dir,  USARL 

ATTN:  AMSRL-WT-P.  I.  May 
AMSRL-WT-PA, 

T.  Minor 
A  Juhasz 

K.  White 

D.  Gardner 

S.  FOrtier 

M.  DdGuercio 
J.  Despirito 

I.  Stobk 
B.  Obole 
P.  Tran 
G.  Wien 
ABirk 

M.  McQuaid 

J.  Knapm 
P.  Reeves 

T.  Coffee 

G.  Katulka  (10  qi) 
AMSRL-WT-PE, 

A  Horst 
T.  Rosenbeiger 
J.  Colburn 

A.  Williams 
R.Lieb 

L.  M.  Chang 
P.  Conroy 

B.  Raley 

AMSRL-WT-PD,  B.  Bums 
AMSRL-WT-PC, 

R.  Beyer 
R.Fifer 

AMSRL-WT-PB,  E.  Schmidt 
AMSRL-WT-T,  W.  Moiiison 
AMSRL-WT-WC,  T.  Haug 


AMSRL-WT-WD, 
C.  Hummer 
C.  IfoUandswoith 
J.PoweU 
A  Zieliaslri 


33 


No.  of 

£gCU^  Organization 


2  RARIS 
GS2  Division 
Building  R31 
ATTN:  Dr.  C.  Woodl^ 

Dr.  G.  Cook 
Fbn  Halstead 

Sevenoaks.  Kent  INH  7BP 
ENGLAND 

1  Matoials  Research  Laboratory 

Salisbury  Branch 

ATTN:  Anna  Wildegger  Gaissmakr 
Explosives  r^dnance  Division 
Salisbury  S  th  Australia  S108 

1  LabcMatorio  Quimico  Central  de  Armamento 

ATTN:  Capitan  Juan  Francisco  Hernandez 
Tamayo 

Apartado  Oficial  I.IOS 
28080-Madrid-SPAIN 

1  R&D  Department 

ATTN:  Dr.  Pieiie  Aichambault 
S  Montee  des  Arsenaux 
Le  Gardeur,  Quebec,  Canada  JSZ  2P4 

1  TZNf  FcKschungs-  und  Entwicklungszentrum 

ATIN:  Mr.  T.  Wise.  Dr.-Ing. 

AbL  SE,  Fachbereich: 
Hochleistuqgspulstechnik 
Neuensothiiether  Strafe  20 
D-3104  Unterlab,  Germany 

1  Emst-Mach-lnstitute 

ATIN:  Dr.  Gustav-Adolph  SchrOder 
Hauptstra^  18 

D-78S8  Weil  am  Rhein,  Germany 

2  Institut  Franco-Allemand 
ATTN:  Dr.  M.  Samirant 

Mr.  D.  Gnine 

F  68301  SAINT-LOUIS  C6dex.  12, 
me  de  I’lndustrie,  B.  P.  301,  France 
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USER  EVALUATION  SHEET/CHANGE  OF  ADDRESS 


This  Laboratory  undertakes  a  continuing  effort  to  improve  the  quality  of  the  reports  it  publishes.  Your 
cottunents/answers  to  the  items/questions  below  will  aid  us  in  our  efforts. 

1.  ARL  Report  Number  ARL-TR~316 _ Date  of  Report  Peceaber  1993 _ 

2.  Date  Report  Received _ 

3.  Does  this  report  satisfy  a  need?  (Comment  on  purpose,  related  project,  or  other  area  of  interest  for 

which  the  report  wiD  be  used.) _ 


4.  Specifically,  how  is  the  report  being  used?  (Information  source,  design  data,  procedure,  source  of 
ideas,  etc.) _ 


5.  Has  the  information  in  this  report  led  to  any  quantitative  savings  as  far  as  man-hours  or  dollars  saved, 
operating  costs  avoided,  or  efficiencies  achieved,  etc?  If  so,  please  elaborate. _ 


6.  General  Comments.  What  do  you  think  should  be  changed  to  improve  future  reports?  (Indicate 
changes  to  organization,  technical  content,  format,  etc.) _ 


Organization 


CURRENT  Name 

ADDRESS  _ 

Street  or  P.O.  Box  No. 


City,  State,  Zip  Code 

7.  If  indicating  a  Change  of  Address  or  Address  Correction,  please  provide  the  Current  or  Correct  address 
above  and  the  Old  or  Incorrect  address  below. 


Organization 


OLD  Name 

ADDRESS  _ 

Street  or  P.O.  Box  No. 


City,  State,  Zip  Code 


(Remove  this  sheet,  fold  as  indicated,  tape  closed,  and  mail.) 
(DO  NOT  STAPLE) 


